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Tracking low CNR sideband beatnotes

In the LISA clock noise transfer scheme, clock noise is modulated onto the laser at modulation 

frequencies of 2.4/2.401 GHz. The beat between clock sidebands from one spacecraft with the clock 

sidebands from the other spacecraft will be +/- 1 MHz tones relative to the main carrier beatnote.

The phase of the clock sidebands will be primarily the same as the carrier beatnote with an additional 

clock noise. Given the clock sidebands will be 10% of the carrier beatnote, they will have a factor of 10 

lower CNR. Tracking a low CNR signal is challenging and can lead to cycle slipping if the tracking 

bandwidth is too large, due to the higher level of relative shot noise. 

This problem can be mitigated by using the output phase from the carrier DPLL, which tracks a 

high(er) CNR signal, as an additional input to the sideband DPLLs. The gain bandwidth product of the 

sideband DPLLs can be reduced as the large phase changes, driven primarily by laser frequency 

noise, will already be tracked by the carrier DPLL. This is what we call, Carrier Assisted Sideband 

Tracking.

Carrier Beatnote

Clock Sideband Beatnotes



Carrier assisted sideband tracking (CAST)

Å Carrier assisted sideband tracking (CAST) was designed for easier tracking 

of the low Carrier-to-Noise (CNR) clock sideband beatnotes in LISA

Å In CAST, the phase measured in the main carrier digital phase locked loop 

(DPLL) is fed forward to the sideband DPLL. The sideband DPLL only needs 

to track the additional clock noise.

Å CAST makes it possible to track the clock sidebands with a narrower 

bandwidth than what is used in the main carrier beatnote DPLL. This 

reduces the chance of the sideband DPLLs cycle slipping. 

Å A CAST phasemeter is able to track carrier, and clock sidebands down to 

lower CNRs than the standard DPLL is able to. All DPLLs lose the ability to 

track only when the CNR of the carrier drops below 65 dB-Hz.



Carrier assisted sideband tracking (CAST)
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Carrier assisted sideband tracking (CAST)
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Carrier assisted sideband tracking (CAST)
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Updating GRACE-FO Phasemeter to test CAST

Å The GRACE Follow-On Laser Ranging interferometer uses a 

phasemeter for:

Å Phase tracking

Å Differential wavefront sensing (and control)

Å Laser Phase Locking

Å Laser frequency stabilization

Å The GRACE-FO phasemeter was based on the LISA 

phasemeter design but:

Å Has fewer input channels (4 vs >32 for LISA)

Å Relaxed precision requirement, but ~ LISA performance

Laser Ranging Processor flight model Laser Ranging Processor in-orbit performance on GRACE Follow-On

GRACE Follow-On satellites

We modified the FPGA code that runs on the GRACE FO phasemeter and 

tested the CAST phasemeter using an GRACE-FO phasemeter prototype



Testing CAST Phasemeter

LabVIEW system models LISA 

beatnotes with realistic noise

External signal generator 

used for clock

An electronic test was performed to demonstrate the practicability of the feed-

forward approach to CAST



Testing CAST Phasemeter

External signal generator 

used for clock

In this test the integrator gains in 

the sideband DPLLs were reduced 

however a follow-up would explore 

how much the proportional gain 

(which determines bandwidth) 

could be reduced 
LabVIEW system models LISA 

beatnotes with realistic noise

An electronic test was performed to demonstrate the practicability of the feed-

forward approach to CAST



Performance of CAST Phasemeter
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Performance of CAST Phasemeter

We have demonstrated the 

practicability of a feed-forward 

Carrier Assisted Sideband 

Tracking Phasemeter

The demonstration used 

beatnotes with simulated 30 

Hz/rtHz white frequency 

noise, and 10 pm/rtHz shot 

noise 

As the RPSD shows, the 

difference between carrier 

and sideband phase is below 

the clock transfer 

requirement. 

There is a higher white noise 

in the sideband 

measurements, however it 

should be possible to reduce 

this by reducing the 

proportional gain used in the 

CAST phasemeters


